The primary outcome was all-cause 30-day and one-year mortality rates. In-hospital, 30-day and one-year mortality rates were 2.4% (7 patients), 4.4% (13 patients) and 17.7% (52 patients), respectively, in the entire cohort. In addition, 30-day (5.6% vs. 3.4%, p=0.24) and one-year (20.0% vs. 14.0%, p=0.19) mortality rates were similar between the ACS and elective patients, respectively. Following multi-variable analysis, age (hazard ratio [HR] 1.14, 95% confidence interval [CI] 1.04 to 1.26), male sex (HR 1.85, 95% CI 1.01 to 3.42), previous PCI (HR 2.74, 95% CI 1.36 to 5.56) and the presence of shock (HR 15.39, 95% CI 6.67 to 35.50) emerged as independent predictors of one-year mortality rates.
Introduction
Over the last several years, the UK has witnessed a gradual ageing of its population.
1 Moreover, the proportion of the very elderly (≥85 years old) in the general population is expected to rise fastest with a three-fold increase by the year 2035.
1 Advancing age is perhaps the strongest predictor of de novo cardiovascular disease (CVD).
2 As a consequence, cardiovascular (CV) mortality rates demonstrate a linear association with increasing age beyond the seventh decade. For example, octogenarians have a 10-fold greater risk of developing CVD in comparison with patients <50 years of age.
2 Furthermore, mortality rates from CVD are higher for the very elderly, irrespective of clinical presentation.
Following an acute coronary syndrome (ACS) with either ST elevation or non-ST elevation myocardial infarction (STEMI or NSTEMI), 30-day mortality rates in the very elderly have been shown to be 10-fold higher compared with patients <65 years old. 3, 4 In the setting of chronic stable angina, the Trial of Invasive versus Medica therapy in Elderly patients with chronic angina (TIME) demonstrated that patients managed medically had a twofold increased risk of an adverse CV outcome compared with those undergoing myocardial revascularisation.
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Although the very elderly are at an increased CV mortality risk, evidence suggests that the proportion of patients who receive standard secondary prevention or revascularisation declines as they age beyond the eighth decade, despite both therapies being of proven prognostic benefit in this age group. 6 Consequently, the American Heart Association (AHA) has developed guidelines to highlight the importance of these treatment options in the very elderly. 4 As a result, new emerging evidence suggests that the proportion of very elderly patients undergoing percutaneous coronary intervention (PCI) is increasing.
3,7 For example, two very large US registries have observed that up to INTERVENTION one in nine patients undergoing PCI can be expected to be ≥85 years old. 6, 8 Paradoxically, there is clearly a paucity of very elderly patients included in major landmark PCI trials, which have historically underrepresented this age group (comprising ≤2% of the study population).
4 Furthermore, the very elderly patients that have been included in randomised-controlled trials have traditionally had fewer comorbidities in comparison with their counterparts from registries and retrospective studies. 4 In the absence of robust randomised clinical data on PCI treatment strategies for the very elderly cohort, observational studies remain valuable in providing insights to outcome and mortality trends. The purpose of this fouryear retrospective analysis of patients ≥85 years treated with PCI at our centre was to demonstrate safety and efficacy of therapies and examine for predictors of mortality.
Methods

Study cohort
Between 1 July 2006 and 30 June 2010, a total of 6,398 patients were treated with PCI at our institute, currently the highest volume non-surgical PCI centre in the UK. Two hundred and ninety-four patients were aged 85 years or over (4.6%). This group was subdivided by mode of clinical presentation. having had the culprit vessel previously treated, only the index episode was included. All baseline clinical, angiographic and procedural data were entered into a dedicated electronic database by trained cardiac catheterisation laboratory physiologists and interventional cardiologists. All patients were established on standard secondary prevention therapy as recommended by guidelines at discharge. 10,11 All patients were prospectively followed up for a minimum of one year through a specialised cardiac rehabilitation service and post-PCI clinics.
Primary outcome
The primary outcome measure for the present study was all-cause 30-day and one-year mortality rates.
Statistical analyses
All statistical analyses were performed using SPSS statistical software, version 19.0 (IBM, Armonk, NY, USA). Categorial variables are presented as number and percentage while continuous variables are presented as mean ± standard deviation (SD). An independent t-test was used to compare baseline characteristics between the ACS and elective groups with a significance level of p<0.05. Cumulative event rates of all-cause mortality were analysed using the Kaplan-Meier method. We used Cox proportional hazards regression to identify independent predictors of mortality for the entire cohort. Variables were presented with hazard ratios (HR) and 95% confidence intervals (CI). Following uni-variable analyses, we identified potential predictors of mortality (variables with a p value <0.1), which were subsequently jointly included in a multi-variable analysis to identify independent predictors of mortality presented as HR and 95% CI. A p value <0.05 was considered significant.
Results
Baseline patient characteristics
Baseline clinical and angiographic data are presented in table 1. The ACS group comprised 180 patients (61.2%) of which nine patients presented with cardiogenic shock. The elective group contained 114 patients (38.8%). There were no statistically significant differences in the baseline characteristics of the two groups other than a slightly higher proportion of the elective group having a history of elevated cholesterol and peripheral vascular disease.
Of the whole cohort, mean age was 88 ± 2 years, with the oldest patient treated aged 98 years. Within the ACS group, the percentage of patients that underwent an angiogram following STEMI and NSTEMI (or unstable angina) was 85% and 63%, respectively, according to the Myocardial Ischaemia National Audit Project (MINAP) admission data of our institute. Subsequently, the rate of progression to PCI was 91% and 71% for the STEMI and NSTEMI (or unstable angina) patients, respectively. Eighteen patients (6.1%) had advanced chronic kidney disease (estimated glomerular filtration rate [eGFR] <30 ml/min/1.73m 2 ) and 49 patients (17%) had a history of previous coronary artery bypass graft (CABG) or PCI. Furthermore, transradial PCI was performed in 150 patients (51%). In addition, 282 patients (96%) had ≤2 vessels treated, 250 patients (85%) had ≤2 lesions treated and the number of patients receiving 1, 2 or ≥3 stents was 102 (34.7%), 82 (28%) and 72 (24.5%), respectively. Finally, 164 patients (55.8%) and 93 patients (31.6%) received bare metal stents (BMS) and drug-eluting stents (DES), respectively. One-year follow-up was complete for all 294 patients. In-hospital, 30-day and one-year mortality rates were 2.4% (seven patients all presenting in cardiogenic shock), 4.4% (13 patients) and 17.7% (52 patients), respectively, for the entire cohort (table 2) . Furthermore, in-hospital, 30-day and one-year mortality rates for the ACS and elective groups were 3.9% vs. 0% (p=0.033), 5.6% vs. 3.4% (p=0.24), and 20.0% vs. 14.0% (p=0.19), respectively. The in-hospital mortality rate for patients presenting with shock was 78%. In fact, there was zero mortality in the ACS group when the shock patients were excluded. The Kaplan-Meier curve representing one-year mortality rates in the ACS and elective groups is shown in figure 1. Furthermore, there was no significant statistical difference in one-year target vessel revascularisation (TVR) rates, which were 6.1% and 3.5% in the ACS and elective groups, respectively (p=0.33).
Subsequently, significant uni-variable predictors of one-year mortality were per year increase in age, male sex, shock and previous PCI. In fact, multi-variable analysis using Cox proportional hazard model revealed that the same parameters, i.e. age (HR 1.14, 95% CI 1.04 to 1.26), male sex (HR 1.86, 95% CI 1.01 to 3.43), previous PCI (HR 2.62, 95% CI 1.30 to 5.31) and the presence of shock (HR 15.81, 95% CI 6.86 to 36.50) emerged as independent predictors of one-year mortality rate as shown in table 3.
Discussion
To our knowledge, this paper represents the largest UK-based single-centre study examining the efficacy and safety of PCI in a large cohort of patients ≥85 years. Our data indicate that PCI is safe in patients ≥85 years with low in-hospital, 30-day and one-year mortality rates, irrespective of whether the PCI is performed in the setting of an ACS or electively. Patients ≥85 years presenting with cardiogenic shock recorded extremely high in-hospital mortality rates. In addition, per year incremental increase in age and being male increased the risk of one-year all-cause mortality by 14% and 85%, respectively.
Patients ≥85 years represent around 12% of all ACS admissions to UK hospitals according to a recent MINAP report. 12 Furthermore, this cohort recorded the longest length of hospital stay and highest in-hospital mortality rate. Despite these observations, this age group was least likely to receive revascularisation, with only 10% of patients undergoing a diagnostic coronary angiogram. This age group, however, recorded the largest decrease in in-hospital mortality rates in comparison with patients <55 years (45% vs. 20%, respectively) over a sevenyear period. We strongly agree with the observation of the authors of this report that "the elderly hospitalised with an ACS continue to be disadvantaged".
The Global Registry of Acute Coronary Syndromes (GRACE) recently demonstrated that, following an ACS, octogenarians were less likely to receive standard secondary prevention treatment, in comparison with younger patients, despite recording the highest in-hospital mortality rate.
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The very elderly patients that underwent revascularisation during the index admission recorded the greatest absolute reduction in inhospital death in comparison with other age groups. For example, the in-hospital mortality rates in patients <70 years old decreased from 2.9% to 1.6% following revascularisation in comparison with a decline from 11% to 7% in the very elderly. Subsequently, revascularisation in the very elderly translated to a 7% absolute reduction in all-cause mortality at six months as compared with a 1.8% reduction in the younger cohort. The in-hospital and six-month mortality rates in our study are comparable with those of the GRACE registry patients that received revascularisation, 3.9% vs. 7.0% and 11.7% vs. 12.0%, respectively.
Approximately, 39% of patients in our study underwent PCI for refractory stable angina, despite being on two or more anti-anginal agents. To date, no trial has examined the role of revascularisation in patients with stable angina ≥85 years old. The TIME trial was the first randomised trial to compare an invasive strategy versus medical therapy in 301 patients aged ≥75 years with stable angina.
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At six months, there was no difference in the all-cause mortality rate between the two groups. However, 50% of patients in the medical therapy group suffered an ACS and 75% of these underwent revascularisation. Subsequently, in a four-year follow-up of the TIME study, the sustained beneficial effect of revascularisation on the quality of life and angina status was noted.
14 More importantly, revascularisation within one year of randomisation decreased the risk of long-term cardiac mortality by 56%. Finally, an invasive strategy was cost-effective in comparison with medical therapy.
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In concordance with our results, a large USbased registry demonstrated an in-hospital mortality rate of 5.4% in patients ≥85 years old, which was significantly higher in comparison with younger age groups.
6 This age group recorded the most rapidly declining PCI rate over a four-year period. In contrast, patients ≥85 years old undergoing PCI represented the only group with a reduction in repeat revascularisation rates. The study also reported TVR rates of 7.0%, which are comparable with our data. 6 Our data demonstrate that cardiogenic shock emerged as the strongest predictor of oneyear all-cause mortality with an in-hospital mortality rate of 78%. These results are consistent with existing data. 16 Furthermore, recent studies have also confirmed our findings of increasing age and male sex as independent predictors of one-year mortality rates. 15, 17 Previous PCI emerged as an independent predictor of one-year all-cause mortality in our study. Very elderly patients are at a greater risk of stent thrombosis.
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This is a consequence of several age-related biological changes, including endothelial dysfunction, higher levels of clotting factors and increased platelet reactivity. 19 In the absence of any post-mortem data and relatively low event rates in our study it was not possible to make this link.
Randomised trials have conventionally underrepresented the very elderly, comprising up to 2% of the study population.
4 For example, the Clinical Outcomes Utilising Revascularisation and Aggressive Drug Evaluation (COURAGE) trial did not include any patients >75 years. 20 In contrast, the proportion of patients ≥85 years in large registries has been five-fold higher. 8 We feel that the evidence base to treat this age group can be strengthened substantially with future randomised-controlled trials.
